chondral-surface damage, and early onset of osteoarthitis. [5] [6] [7] [8] It has been reported that individuals suffering acute knee injury are 7.4 times more likely to develop knee osteoarthritis than those with no history of knee injury. 9 Ultimately, the disability associated with ACL injury can lead to reduced physical activity levels and loss of independence. In addition to disability, ACL injury places a large financial burden on the health-care system, with health-care costs reported to be as high at $2.5 billion annually. 10 The frequency, disability, and excessive cost associated with ACL injury make it a significant health concern. Thus, there is a great need to prevent ACL injuries from occurring.
The rate of ACL injury is greater in females than males, especially in younger individuals. Research indicates that females who are involved in recreational, as well as organized, physical activities injure their ACLs at a rate 2 to 5 times greater than that in males. [11] [12] [13] [14] [15] [16] [17] [18] Some studies have reported a rate in females over 10 times greater than the male rate, but they are based on small numbers of ACL injuries and should be regarded as tentative. 15 The risk of ACL injury is greater in younger individuals (e.g., high school and college age). 19 Data on ACLreconstruction procedures performed by candidates for the certification of the American Board of Orthopaedic Surgeons suggest that more ACL-reconstruction procedures are performed for high-school-and college-age individuals than any other age group. 20 The number of ACL-reconstruction procedures for high-school-and college-age females is 3 DARIN A. PADUA, PhD, ATC, and STEPHEN W. MARSHALL, PhD • University of North Carolina at Chapel Hill Anteri or cruciate ligament (ACL) injuries are common in athletes, costly, and potentially debilitating. It is estimated that 1 in every 3,000 people injure his or her ACL and approximately 95,000 new ACL injuries occur each year, 1,2 although the statistical validity of these estimates has been questioned, and sources in the medicalsupply industry suggest much higher numbers. Individuals who suffer ACL injury and undergo surgical intervention face a lengthy rehabilitation process ranging from 6 to 36 months. 1 Unfortunately, surgical intervention does not ensure a return to previous activity levels. Only 75% of these individuals return to their previous activity levels. 1 Moderate to severe disability is reported in individuals suffering from ACL injury during walking activities (31%), routine activities of daily living (44%), and sport activities (77%). 3, 4 The outlook might be worse for individuals who do not undergo surgical intervention after ACL injury. Untreated ACL injuries (nonsurgical, ACL-deficient) often lead to devastating impairment, with two thirds of these injuries resulting in chronic knee instability, secondary meniscal-and There is Level B evidence (moderate evidence based on inconsistent or limitedquality studies) to support the use of exercise programs to reduce the incidence of ACL injuries.
Typically, ACL-injury-prevention training programs incorporate proprioception-balance and/or plyometric-agility exercises and promote movement awareness and proper technique.
There is strong evidence to indicate that ACL-injury-prevention training programs incorporating proprioception-balance and/or plyometric-agility exercises do not increase the risk of injury.
times more than that for older women, and the number of such procedures for high-school-and college-age males is 1.5 times that of older men. These data indicate that high-school-and college-age females appear to be at greatest risk for ACL injury. As the number of females participating in competitive and recreational physical activity continues to increase, the number of female ACL injuries can be expected to increase. Given the frequency, disability, cost, and higher rate of injury, it is necessary to develop interventions to reduce ACL injury rates, especially in younger females.
Over the past several years there has been an increasing amount of research investigating the influence of various exercise programs on ACL-injury rates. There does not, however, appear to be a consensus on the effectiveness of these exercise programs for reducing the incidence of ACL injury. To provide clinicians with evidence for incorporating ACL-injury-prevention exercises, we systematically reviewed the literature for studies investigating the influence of exercise programs (e.g., strength, flexibility, plyometrics, agility, balance, proprioception) on ACL-injury prevention. We assessed data from randomized controlled trials, cohort studies, and quasi-experimental studies that evaluated exercise programs.
Literature-Review Methods
We searched the literature to locate all articles meeting set eligibility criteria (see the sidebar). The methods used to locate the articles included an electronic literature search of the PubMed database and a manual search of the reference lists of known published review articles. [21] [22] [23] [24] [25] All articles that met the eligibility criteria were reviewed, and the data on ACL injury were abstracted from each article.
Electronic Literature Search
For the electronic literature search, we used the PubMed database maintained by the National Library of Medicine. The search terms used are listed in the sidebar. These search criteria yielded a total of 821 articles. The titles and abstracts (where electronically available) for these articles were individually reviewed to determine their eligibility.
Manual Literature Search
In addition to the systematic search, an effort was made to manually locate articles meeting the eligibility criteria. We were aware, through our familiarity with the ACL literature, of a number of articles that met these criteria. We accessed these and reviewed their reference lists. In addition, we reviewed the reference lists of several recent review articles to identify additional articles that met the eligibility criteria.
Search Results and Data Abstraction
We located nine articles that met the eligibility criteria. [26] [27] [28] [29] [30] [31] [32] [33] [34] We reviewed each study and abstracted the relevant data. The type of information abstracted for each study is shown in the sidebar.
Evaluating Individual Articles and Body of Evidence
Each study was evaluated with a patient-centered approach to grading evidence that was developed by the editors of several family-practice journals. 35 An individual study was assigned a grade of 1-3 to rate the level of evidence it provided (Tables 1[a] and 
